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Bioactivity and constituents of 8 common seaweeds from Dalian intertidal zone of northern Yellow Sea were investigated. In the 
anti-methicillin-resistant Staphylococcus aureus (MRSA) test, Symphyocladia latiuscula and Enteromorpha intestinalis showed 
obvious activities with MICs much lower than 1.0 mg mL1. In the DNA damage repair test (DDRT), Chondrus ocellatu showed 
selective inhibitory activity against the DNA repair-defective E. coli strain vs. the wild-type E. coli strain; while Sym. latiuscula, 
Enteromorpha intestinalis and Sar. kjellmanianum showed significant anti-E. coli activity with MICs of 64–128 g mL1. In the 
anti-Pyricularia oryzae test, Sym. latiuscula and Rh. confervoides strongly inhibited the germination of the spores of P. oryzae on 
agar plate. In the brine shrimp larvicidal test, Sym. latiuscula, Rh. confervoides and Sar. kjellmanianum exhibited potent toxicity 
against brine shrimp larvae, with LC50 much lower than 1 mg mL
1. The HPTLC analysis revealed their diversified secondary 
metabolites. The HPLC-DAD-MS analysis of the strongest species Sym. latiuscula and database searching showed that it can produce 
quite diversified metabolites, including halogenated ones, some of which may be new natural products. The results demonstrated the 
potentials of these seaweeds in the development of new antibiotics, antitumor drugs, agricultural fungicides and pesticides. 
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Macroalgae are important primary producers of marine and 
coastal ecosystem and are also useful medicine and pesticide 
resources due to their potentials in accumulating large 
quantities of bioactive metabolites [1]. As is known to all, 
algal diversity and biomass depend on the environmental 
factors such as temperature, light, and nutrition, which can 
be influenced by human activities (e.g. introducing species 
and pollutions in the form of heat and eutrophication). 
Therefore, it is important to investigate and utilize the algal 
resources in coastal zones.  
Dalian, an important harbor and industrial city, is located 
on the tip of the Liaodong Peninsula, between China’s inner 
Bohai Sea and the north Yellow Sea. Its marine ecological 
environment is influenced by strong sea currents and rivers, 
which provides diversified habitats for seaweeds and also 
brings about human influences. In this article, we evaluated 
the biomass and their biomedical and agrichemical poten-
tials as new antibiotics, antitumor drugs, agricultural fungi-
cides, and pesticides in some common seaweeds from Da-
lian coastline by determining several bioactivities of them, 
including anti-methicillin-resistant Staphylococcus aureus 
(MRSA), anti-Escherichia coli DNA repair-defective/wild- 
type strains, anti-Pyricularia oryzae, and anti-brine shrimp 
(Artemia parthenogenetica L.) larvae. 
1  Materials and methods 
1.1  Materials and biomass calculation  
Eight species of seaweeds were collected in the intertidal 
zone of Fujiazhuang Beach (121°36′13.82″E, 38°48′ 36.66″N) 
of Dalian in July of 2009, as shown in Table 1. These  
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Table 1  Biomass and habitats of seaweeds under investigation 
Species Biomass (g m2) Habitats 
Chlorophyta   
Ulva pertusa 44.9 Middle intertidal zone 
Cladophora fascicularis 21.1 Higher intertidal pools 
Enteromorpha intestinalis 39.1 Higher intertidal zone 
Rhodophyta   
Chondrus ocellatus 37.2 Lower intertidal zone 
Rhodomela confervoides 25.5 Middle intertidal pools 
Symphyocladia latiuscula 8.1 Lower intertidal zone 
Phaeophyta   
Undaria pinnatifida 26.5 Lower intertidal zone 
Sargassum kjellmanianum 41.8 Middle intertidal pools 
 
 
species were selected for their remarkably higher occur-
rence frequency. Their biomasses were calculated by taking 
the average weight of air-dried samples collected randomly 
from five quadrates in their habitats for unit area of 1 m2 [2]. 
They were identified by Professor Hongwei Wang, an ex-
pert on algal taxonomy in School of Life Sciences, Liaoning 
Normal University. 
1.2  Indicator organisms for bioassay     
DDRT strains (E. coli strains AB1157 as wild type and 
AB3027 with defect in DNA damage repair) were provided 
by E. coli Genetic Stock Center, Yale University, Methicil-
lin-resistant Staphylococcus aureus (MRSA) strain came 
from Library of Strains of Dalian Friendship Hospital. 
Pyricularia oryzae was from the Library of Strains of Chi-
nese Academy of Agricultural Sciences. Brine shrimp eggs 
(Artemia parthenogenetica L.) were collected at Fuzhou 
Bay Saltworks of Bohai Sea. 
1.3  Extraction of seaweed 
The seaweed samples were air dried and extracted with 100 
mL of methanol per 20 g of sample for 24 h at room tem-
perature. Then the extracts were filtrated, rotary evaporated 
in vacuum at 45°C, and finally dissolved in 3 mL of meth-
anol.  
1.4  Anti-MRSA activity test 
The preliminary screening was performed using paper disk 
diffusion method with the dose of 30 L extract/disk [3]. 
The re-screening was performed using MIC method [4]. The 
test concentration covered the range from 0.0005 to 1.024 
mg mL1. 
1.5  Brine shrimp lethality test 
The brine shrimp lethality test can reflect samples’ toxicity 
against brine shrimp larvae, and the results have a high cor-
relation with antitumor tests. It also can be used as a pre-
liminary screening model for agricultural pesticides. The 
experimental method used was similar to that in our previ-
ous study [5]. In the test, the concentration gradients were 
set to be 1.024, 0.512, 0.256, 0.128, 0.064, 0.032, 0.016, 
0.008, 0.004, 0.002, 0.001, and 0.0005 mg mL1. Then, the 
semi-lethal concentrations (LC50) were calculated from the 
lethal curve fit by polynomial regressions [5]. 
1.6  Growth inhibition test of Pyricularia oryzae  
Pyricularia oryzae is the pathogen of rice, which can be 
used to screen agricultural fungicides. Furthermore, Koba-
yashi et al. [6] found that P. oryzae’s spore germination or 
hyphal dysmorphism was associated with anti-tumor activity, 
and is often used to screen antitumor drugs.  
Plate confrontation method and spore spreading method 
were adopted in present study. 
In plate confrontation method, P. oryzae was inoculated 
at the center of each Petri dish containing Sabouraud’s me-
dium and cultivated at 30°C till the colony reached 1 cm in 
diameter. Then air dried paper disks loaded with samples at 
the dose of 30 L extract/disk were placed 1 cm from the 
edge of the colonies. The plates were incubated at 30°C for 
24–48 h and the inhibition of mycelium growth was ob-
served. 
In spore spreading method, P. oryzae was first cultured 
on Petri dished for 10 d at 30°C and then the spore suspen-
sion was harvested by scraping mycelia with a sterile blade 
over the surface of the plate containing 15 mL of sterile 
water. Afterwards, the crude suspension was filtrated with 
three layers of sterile gauze to give pure spore suspension. 
The 100 L of this suspension was spread onto the surface 
of each Sabouraud’s culture plate. The paper disks with 
samples at dose of 30 L extract per disk were air dried and 
placed onto the pre-coated plates. The results were expressed 
as the diameter of inhibition zones observed and measured 
after incubation at 30°C for 24–48 h. 
1.7  DNA damage repair test 
DNA damage repair test (DDRT) is mainly used to detect 
active substances with DNA damaging ability. This test, us-
ing two E. coli strains, AB1157 for wild type and AB3027 
with defect in DNA damage repair [7], consisted of prelim-
inary screening and re-screening. 
The preliminary screening used AB3027 strain and was 
performed by paper disk diffusion method [3]. On each 
piece of filter paper, the dose was 30 L extract/disk.  
The re-screening used both two E. coli strains and was per-
formed by MIC method [4], in which the test concentration 
covered the range from 0.0005 to 1.024 mg mL1.  
The selectivity of inhibition was calculated by ratio be-
tween MIC against AB1157 and MIC against AB3027 and 
2284 Zhang Y, et al.   Chin Sci Bull   July (2013) Vol.58 No.19 
was used to assess if the sample had potential DNA damag-
ing ability. 
1.8  HPTLC analysis 
For these samples, 20 L of each (20 mg mL1) was applied 
on high-performance thin-layer chromatographic plates 
(HPTLC silica gel 60 F254, Germany) with a capillary. 
Then the HPTLC plate was developed by a mixture of 
CHCl3/MeOH (10:1, v/v). Afterwards, the plate was color-
ized by H2SO4-anisaldehyde reagent at 105°C for 2 min and 
by acidic FeCl3 ethanol solution at room temperature for   
5 min, respectively. The images were scanned as results. 
1.9  HPLC-DAD-MS analysis 
Symphyocladia latiuscula, as the species with strong bioac-
tivities in all the four assays, was analyzed by HPLC-DAD- 
MS. The experiment was performed on an Agilent 1200 
HPLC-DAD-MS apparatus with an Ultra Trap System XCT 
6330 LC/MS detector. Stationary phase: Nucleosil 100 C18, 
3 m, 100×2 mm ID; equipped with a guard column, 10×2 
mm ID, same stationary phase. Mobile phases: A=0.1% 
formic acid, B=acetonitrile with 0.06% formic acid; gradi-
ent was from 10% B to 100% B in 15 min and 100% B to 
the end; flow rate: 400 L min1; column temperature: 40°C. 
MS condition: mode: ESI, positive and negative, alternating; 
capillary voltage: 3.5 kV; temperature: 350°C. The injection 
volume was 10 L (5 mg mL1). 
2  Results  
2.1  Biomass and distribution 
The sampling and calculation showed that in July of 2009 
(Table 1), the eight common seaweeds growing at rocky 
intertidal zone of Fujiazhuang Beach all produced biomass 
over 20 g m2, except Symphyocladia latiuscula. In the 
higher intertidal zone, Enteromorpha intestinalis and Clad-
ophora fascicularis were dominant species. In the middle 
intertidal zone, Ulva pertusa, Sargassum kjellmanianum, 
and Rhodomela confervoides contributed the most to bio-
mass. For the lower intertidal zone, Chondrus ocellatus, 
Undaria pinnatifida, and Sym. latiuscula were the dominant 
species. The results reflected the biomass production and 
biodiversity of common seaweeds in this coastal area.  
According to Shao and Li’s report [8], some species, in-
cluding Ch. ocellatus, En. intestinalis, and Ul. pertusa, have 
also become the dominant species in most sea areas, proba-
bly due to their adaptability to environmental changes 
caused by human activities (e.g. global warming and eu-
trophication). 
In the development of new marine drugs, sustainable 
supply of drugs resources is always a bottleneck. Compared 
to some invertebrates such as sponges and corals, seaweeds, 
especially those with large biomass, may be a more realistic 
pharmaceutical resource. Thus, the biomass of seaweeds, 
naturally occurring or increased due to human activities, 
should be considered for the development of new medicines 
or agrichemicals. The potential of seaweeds as new drugs is 
shown by the following bioassays.  
2.2  Anti-MRSA activity test 
Methicillin-resistant Staphylococcus aureus (MRSA) is an 
important cause of bacteremia with an increasing incidence 
worldwide and also a much studied target organism in new 
drug discovery [9].  
In the present investigation, some seaweed samples showed 
remarkable anti-MRSA potentials (Table 2). In the prelimi-
nary screening, Sym. latiuscula showed the strongest activity 
with the inhibition zone up to 32 mm in diameter. Rh. con-
fervoides, Ch. Ocellatus and Sar. kjellmanianum also showed 
powerful inhibitory activity; while Cl. fasciculari, En. Intes-
tinalis and Un. pinnatifida only showed moderate activity. In 
re-screening, Sym. latiuscula and En. intestinalis both ex-
hibited strong anti-MRSA activity with MICs much lower 
than 1 mg mL1. The improved activity of En. intestinalis in 
the re-screening might be due to its possible active constit-
uents with low polarity, which was difficult to diffuse and 
take effect in paper disk method but easier to show activity 
in broth microdilution method. In addition, the remaining 
five seaweeds also showed moderate activities in re-screening 
with MICs of about 1 mg mL1, which are comparable to 
those in other reports on antimicrobial activities of seaweed 
extracts [10]. Therefore, most of these seaweeds may be 
used as sources of new antibiotics against drug-resistant 
bacteria.  
2.3  Growth inhibition test of Pyricularia oryzae 
In the screening of these seaweeds for their inhibitory activ-
ity against P. oryzae, two methods were applied (Table 2). 
In plate confrontation method, none of these seaweeds 
showed inhibitory activity, indicating that these samples can 
not inhibit the growth of P. oryzae mycelium. However, in 
spore spreading method, Sym. latiuscula and Rh. confer-
voides showed inhibition zones with diameter of 35 and 20 
mm, respectively. The results indicated their strong inhibi-
tory activity against spore germination of P. oryzae. The 
rest of the seaweeds did not exhibit remarkable activity.  
2.4  Brine shrimp lethality test 
As a simple, fast and cheap model, brine shrimp lethality 
test has been widely used in the screening for antitumor 
drugs and pesticides [11,12]. This test was also employed in 
the current study, and the results showed that three species, 
Rh. confervoides, Sar. Kjellmanianum and Sym. latiuscula, 
exhibited strong toxicity with lethality ratio of 100% in the  
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Table 2  The bioactivity against MRSA and Pyricularia oryzae of seaweeds 
Species 
Inhibitory activity against MRSA  Inhibition against P. oryzae 
Inhibition zone in  
preliminary screening  
(, mm) 
MIC in re-screening 
(mg mL1) 
 
 
Diameter of Inhibition zone 
in Plate confrontation 
method (mm) 
Diameter of Inhibition zone 
in Spore spreading 
method (mm) 
Ulva pertusa 7.5±0.7 8.192 – – 
Cladophora fascicularis 8.0±0.0 1.024 – – 
Enteromorpha intestinalis 8.0±0.0 0.512 – – 
Chondrus ocellatus 10.5±0.7 1.024 – – 
Rhodomela confervoides 12.0±0.0 1.024 – 20.0±1.0 
Symphyocladia latiuscula 32.0±0.0 0.256 – 35.0±2.0 
Undaria pinnatifida 9.0±0.0 1.024 – – 
Sargassum kjellmanianum 10.5±0.7 1.024 – – 
 
preliminary screening using 40 L of extract and LC50 of 
287, 354, and 430 g mL1, respectively, in the quantitative 
re-screening (Figure 1). Therefore, these seaweeds may be 
used to develop new antitumor agents and pesticides since 
many previous reports have displayed good correlation be-
tween the results of brine shrimp lethality test and antitumor 
or anti-pest assays [13].  
2.5  E. coli DDRT  
Application of DDRT model in antitumor pre-screening is 
based on the mechanism that many anticancer drugs act by 
damaging DNA. Two E. coli strains, AB1157 as wild type 
and AB3027 with defect in DNA damage repair, were used 
in this test. Therefore, if a sample showed anti-tumor activity 
via the mechanism of DNA damage, stronger inhibition 
would be observed against AB3027 than against AB1157.  
In preliminary screening (Table 3), Sym. latiuscula, En. 
intestinalis, Ch. ocellatus and Sar. kjellmanianum showed 
inhibitory activity against AB3027() strain. In the re- 
screening, the selectivity value of Ch. Ocellatus reached 2, 
indicating that its inhibitory activity against the defect-type 
() E. coli was greater than against the wild-type (+). There-      
 
Figure 1  Lethal curves of three active seaweed samples in brine shrimp 
lethality test (under concentrations higher than 640 g mL1, i.e. at loga-
rithm of concentration higher than 2.8, the lethal ratios all reached 100%). 
fore, it may have anti-tumor potential via the mechanism of 
DNA damage and serve as a possible source of anti-tumor 
drugs. The MICs of Rh.confervoides, Sar. kjellmanianum, 
and Enteromorpha intestinalis against two E. coli strains 
were 128 or 64 g mL1, respectively, which indicated their 
strong antimicrobial activity and potentials as sources of 
antibiotic drugs. However, their selectivity values did not all 
exceed 1, showing that they may not act by damaging DNA.  
Table 3  The bioactivity of seaweeds in DNA damage repair test  
Species 
Inhibition zone against 
AB3027 () (, mm) 
MIC against 
AB1157 (+) (g mL1) 
MIC against 
AB3027 () (g mL1) Selectivity 
Ulva pertusa –    
Cladophora fascicularis –    
Enteromorpha intestinalis 11.2±1.3 64 128 0.5 
Chondrus ocellatus 13.3±2.1 512 256 2 
Rhodomela confervoides –    
Symphyocladia latiuscula 18.0±1.0 128 128 1 
Undaria pinnatifida –    
Sargassum kjellmanianum 12.2±1.4 64 64 1 
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2.6  HPTLC analysis 
The colorization by H2SO4-anisaldehyde reagent showed 
that these seaweeds contained quite diverse metabolites. 
The grey spots with Rf value in the range 0.55–0.73 should 
usually be steroids or terpenoids, while the main tailing 
spots with Rf value 0.51 may be some fatty acid derivatives 
(marked with arrows in Figure 2(a)).  
The acid FeCl3 reagent further displayed typical blue 
spots with Rf value 0.23 and 0.38 in two red algae Rh. con-
fervoides (R.C.) and Sym. latiuscula (S.L.) extracts, show-
ing the presence of phenolic compounds (marked with ar-
rows in Figure 2(b)).   
2.7  HPLC-DAD-MS analysis 
Since Symphyocladia latiuscul showed strong bioactivities 
in all the four assays, its extract was further analyzed by 
HPLC-DAD-MS. The molecular weight of each main peak 
was deduced by quasi-molecular peaks in both positive and 
negative mode mass spectra (Figure 3). Then their molecular  
weights were used to search the plant metabolites in the 
Dictionary of Natural Products on DVD (DNP2011) [14]. 
During the searching, factors like wavelength of maximum 
UV absorbance or conjugated systems for those hits without 
UV data, biological resource, polarity’s reasonability, and 
elemental constituents for some obvious halogenated com-
pounds, were taken into account to rule out unreasonable 
hits. The analysis results are summarized in Table 4.  
 
Figure 2   The HPTLC of seaweeds extracts. (a) Dyed by H2SO4-anisal-    
dehyde; (b) dyed by acid FeCl3 reagent.  
 
Figure 3  HPLC-DAD-MS of Symphyocladia latiuscula extract. (a) TIC(+); (b) TIC(); (c) chromatographic spectrum under 224–235 nm; (d)–(e) MS(+) 
and MS() of peak 10; (f)–(g) MS(+) and MS() of peak 13. 
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Table 4  LC-DAD-MS analysis and database searching of main peaks in Symphyocladia latiuscula extract 
Peak 
Num. 
Rt 
(min) 
UV 
maxima 
(nm) 
Molecular 
weight 
Number of 
brominated 
positions 
Key mass peaks (m/z) (for brominated 
peaks: also giving ratio of abundance)a) 
Possible hits from database DNP2011 
(Structure type; molecular formula; 
CRC number; biological resource; bioactivity) 
1 1.0 325 346  
[M+H]+: 347; [M+K]+: 385;  
ESI: 267 
Alkaloid C14H22N2O8 (HJY35) from red alga  
Porphyra tenera 
2 1.4 330 360  [M+H]+: 361; [MH]: 359 No hit 
3 2.2 <230 376  [M+Na]+: 399; [MH]: 375 Diterpenoids C22H32O5 (DOS43 & DOS46)  from red alga Laurencia saitoi 
4 3.2 <230 392  [M+Na]+: 415; [M+K]+: 431; [MH+F.A.]:437 No hit 
5 3.7 <230 586  [M+H]+: 587; [MH]: 585 
Phycoerythrins’ Chromophore C33H38N4O6  
(CRR89) from blue-green algae and most  
red alga 
6 4.8 285 339 di- 
[M+H]+: 338/340/342=1:2:1; 
[MH]:336/338/340=1:2:1 No hit 
7 5.6 <230 434 tri- 
[M+H]+: 432/434/436/438=1:3:3:1; 
[MH]:430/432/434/436=1:3:3:1 No hit 
8 5.9 <230 426  [M+H]+: 427; [MH]: 425 No hit 
   409 di- 
[M+H]+: 408/410/412=1:2:1; 
[MH]: 406/408/410=1:2:1 
Bromophenol C12H11Br2NO5 (OML64) from 
red alga Rhodomela confervoides 
9 6.1 <230 356  [M+H]+: 357; [M-H]: 355 No hit 
10 6.3 295 474 tri- 
[M+H]+: 472/474/476/478=1:3:3:1; 
[MH]: 470/472/474/476=1:3:3:1 No hit 
11 7.8 293 476 tri- 
[M+H]+: 474/476/478/480=1:3:3:1, 
[M+H-CH2]
+:460/462/464/468=1:3:3:1, No hit 
12 8.8 290 445 tetra- 
[M+H]+: 442/444/446/448/450=1:4:6:4:1, 
[M+H-CO2]
+: 398/400/402/404/406=1:4:6:4:1; 
ESI: 309/311/313=1:2:1 
No hit 
13 9.8 295 391 tri- 
[M+H-CH4O]
+: 357/359/361/363=1:3:3:1; 
[MH]: 387/389/391/393=1:3:3:1 
Bromophenol C8H7Br3O3 (KBY88) from  
Symphyocladia latiuscula 
14 10.6 280 528  [M+Na]+: 551; [MH]: 527 No hit 
15 11.0 291 500  [M+Na]+: 523; [MH]: 499 Triterpenoid C32H52O4 (OQD71) from red alga  Galaxaura sp. 
16 11.4 290 556  [M+Na]+: 579; [MH]: 555 
Sulfoglycolipid C25H48O11S (OHX57) from red 
alga Caulacanthus ustulatus, brown algae 
Sargassum thunbergii and Sar. wightii 
Sulfoglycolipid C25H48O11S (PTF38) from red  
alga Chondria armata 
17 11.9 292 436  [M+K]+: 475; [MH+F.A.]: 481 No hit 
18 12.6 <230 654  [M+Na]+: 677; [MH]-:653; [MH+HCl]: 689 No hit 
19 13.5 <230 504  [M+Na]+: 527; [MH+F.A.]: 549 No hit 
20 13.8 <230 492  
[M+Na]+: 515; 
[MH]: 491 
Triterpenoid C30H52O5 (KHT44) from red alga  
Laurencia obtuse; cytotoxic  
21 14.2 <230 543  [M+H]+: 544; [MH+F.A.]: 588 No hit 
22 16.3 <230 766  [M+Na]+: 789; [MH]: 765 No hit 
a) F.A.: formic acid.  
Among the 22 main peaks, 7 showed obvious mass char-
acteristics of brominated compounds, i.e., isotopic peak clus-
ters with successive mass difference of two Daltons and 
typical intensity ratios, including 1:2:1 clusters for dibro-
minated, 1:3:3:1 for tribrominated, and 1:4:6:4:1 for 
tetrabrominated compounds. Among them, main component 
of peak 8 and peak 13 may be possibly known metabolites 
respectively from red algae Rhodomela confervoides and 
Symphyocladia latiuscul, both of which belong to the family 
of Rhodomelaceae, a group known for their ability in pro-
ducing halogenated compounds [15]. The other five peaks 
may be new brominated natural products.  
Besides, six non-brominated peaks’ main component 
showed identical molecular weights, and similar UV and 
polarity characteristics with some algal metabolites, including 
alkaloid, diterpenoids, triterpenoids, photosynthetic segment 
and sulfoglycolipids. One triterpenoid was reported to ex-
hibit cytotoxicity. Additionally, other 10 peaks did not give 
proper matches in DNP2011 and may be some new natural 
products. 
Of course, if standard substances had been available, thrse 
known compounds could have been better confirmed by 
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comparison of retention times and UV spectra.  
3  Discussion  
As exhibited by the results, the seaweeds under investiga-
tion produced large biomass and also showed high biologi-
cal activity. Sym. latiuscula in Rhodophyta showed strong 
anti-MRSA and anti-brine shrimp activities, and inhibitory 
activity against the spore germination of P. oryzae; besides, 
it exhibited remarkable inhibitory activity against the two E. 
coli DDRT strains. Rh. confervoides showed remarkable 
anti-brine shrimp activity, moderate anti-MRSA activity, 
and inhibitory activity against the spore germination of P. 
oryzae. Ch. ocellatus showed moderate anti-MRSA activity 
and strongest selective inhibitory activity against E. coli strain 
AB3027 with defect in DNA damage repair. Sar. kjellma-
nianum in Phaeophyta exhibited powerful anti-brine shrimp 
activity, moderate anti-MRSA activity and non-selective 
activity against (+/–) E. coli strains. However, Un. pinnati-
fida only showed moderate anti-MRSA activity. As to 
Chlorophyta, En. intestinalis exhibited anti-E. coli and an-
ti-MRSA activities. Cl. fascicularis and Ul. pertusa only 
inhibited MRSA moderately. In general, the bioactivities of 
seaweeds from Rhodophyta and Phaeophyta were relatively 
stronger than those from Chlorophyta.  
The seaweeds with anti-MRSA activity or non-selective 
activity against (+/–) E. coli strains can be used for the de-
velopment of new drugs to treat infection caused by drug- 
resistant G+ bacteria or G bacteria, respectively. As for the 
seaweeds possessing both of the two bioactivities, they are 
potential resources of broad-spectrum antibiotics. To species 
exhibiting selective inhibitory activity in DDRT, activity 
against spore germination of P. oryzae or anti-brine shrimp 
larvae activity, they may have potential anti-tumor activity 
and are expected to serve as sources of new anticancer 
drugs. Besides, the algae that can inhibit P. oryzae or kill 
brine shrimp larvae may be developed as potential antifun-
gal agents or pesticides for medical and agricultural purposes.  
Fan’s group has reported the diversified bioactivities of 
seaweeds in China [16,17]. In their reports, the ethyl acetate 
partitions of alcohol extracts of Sar. kjellmanianum, Rh. 
confervoides, and Ul. pertusa collected at Shandong coast-
line also showed strong anti-Staphylococcus aureus (com-
mon test strain) activity; the aqueous partition of Sym. Lati-
uscula’s alcohol extract also inhibited E. coli; the alcohol 
extracts of Sym. Latiuscula, Rh. confervoides, and Ul. per-
tusa also exhibited cytotoxicity to cancer cell lines. Like-
wise, our samples from Dalian coastline also showed simi-
lar or related activities except that Ul. Pertusa from Dalian 
did not show significant activity as the same Shandong spe-
cies did. However, in our test, these seaweeds also showed 
anti-drug resistant Staphylococcus aureus, anti-fungal, and 
pesticidal ability. 
In our preliminary investigation on their chemical con-
stituents, the HPTLC results showed that these seaweeds 
can produce quite diverse metabolites and red algae Rh. 
confervoides and Sym. latiuscula were also found to contain 
phenolic compounds. HPLC-DAD-MS analysis suggested 
that Sym. Latiuscula, with the broadest strong activity in 
present assays, may contain different types of known or new 
metabolites, including rich brominated compounds such as 
two known brominated phenols. There are lots of reports on 
bioactivity of marine halogenated compounds [15]. So, it is 
possible that the strong bioactivity of Sym. latiuscula has 
some relationship with its rich brominated metabolites.  
In the past decades, there have been more and more re-
ports on bioactivity of seaweeds. For example, Sar. kjell-
manianum displayed antioxidant effect [18]; Rh. confer-
voides and Sym. latiuscula showed anti-tumor, antibacterial 
and antioxidant activities [16]. However, their advantages 
have not been fully utilized till now. Un. pinnatifida is 
widely cultivated but is only used to produce food up to 
now. Sar. kjellmanianum also has large biomass in the Yel-
low Sea region, but is only used as the raw material of algin 
industry. If their biomedical and agrichemical applications 
can be fully exploited, the high value utilization will be 
greatly promoted. En. intestinalis is widely distributed 
along coastlines. Enteromorpha species often multiply at a 
surprising rate when the condition is appropriate. Since 
2008, green tides caused by overgrowing Enteromorpha 
species occurred nearly every summer in Qingdao, China, 
and researchers have begun to develop ways to turn wastes 
into wealth. In our study, we found that En. intestinalis may 
be used as source of antibiotics. 
4  Conclusion  
In the current study, the common seaweeds from Dalian 
coastline of the North Yellow Sea were found to yield con-
siderable biomass and some natural constituents with re-
markable antibacterial, antifungal, and larvicidal activities 
as well as possible antitumor potentials. By natural collec-
tion or artificial cultivation, their sustainable supply can be 
ensured, which lays the basis for further chemical research 
on and sustainable exploitation of their bioactive constitu-
ents for medicinal and agrichemical purposes. Furthermore, 
some waste or harmful algae can also produce wealth. Thus, 
their higher value utilization is expected in the future. 
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